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Introduction
Autosomal dominant polycystic kidneys disease (ADPKD) is the most common inherited kidney disease and is the fourth most common cause of end stage kidney disease. Extrarenal manifestations are prevalent, including cysts in liver, pancreas, spleen, and intracranial saccular aneurysms (1) (2) (3) . Mutations in PKD1 and PKD2 genes are known to cause ADPKD, with PKD1 mutations accounting for 75%-85% of cases. Polycystin-1 and polycystin-2 are integral membrane proteins encoded by the PKD1 and PKD2 genes, respectively. Our understanding of the role of these proteins in normal physiology and in the pathophysiology of ADPKD is evolving (2) (3) (4) .
Few studies have evaluated ADPKD manifestations in the male reproductive system. These include case reports and studies reporting cystic changes in the seminal vesicles, including reports focused on infertility (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . This review will highlight seminal vesicle abnormalities in ADPKD.
Seminal vesicles
The seminal vesicles are a pair of glands positioned posterior and inferior to the urinary bladder, and lateral to the vas deferens. Each vesicle consists of a single tube coiled on itself and joined to the distal portion of the vas deferens (ductus deferens) which becomes the ejaculatory duct. The two ejaculatory ducts immediately pass through the prostate gland to open separately into the verumontanum of the prostatic urethra ( Figure 1 ). The seminal vesicles produce and secrete seminal fluid, which consists of 50-80% of the ejaculate volume. The normal seminal vesicles are tortuous tubular fluid-containing structures with thin septa identified by ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI) (Figure 2) . US is commonly used as initial choice of evaluation, whereas MRI is used for more complex cases. The normal mean seminal vesicle diameter is 1.5 ± 0.4 cm (by CT) (20, 21) or 0.9± 0.3 cm (by US) (22) , and about 3.1 ± 0.5 cm in length (by CT) (21) .
Anatomic abnormalities of seminal vesicles in ADPKD patients

Seminal vesicle cysts
Seminal vesicle cysts can be acquired or congenital. Acquired seminal vesicle cysts occur in the general population and are thought to be due to post-infection fibrosis or compression of the ejaculatory ducts related to obstructive causes (23) . Congenital seminal vesicle cysts may occur as an isolated finding, but are predominantly associated with urogenital anomalies, such as ipsilateral renal agenesis or dysgenesis, ectopic ureteral insertion, and vas deferens agenesis (21, 24, 25) . Most studies of ADPKD patients reported bilateral seminal vesicle cysts (6) (7) (8) 17) , although it is uncertain whether these cysts were acquired or congenital. The reported prevalence of seminal vesicle cysts in ADPKD patients varies widely using different imaging modalities; from 6% by CT (5), to 21% to 60% by transrectal US (6, 7, 17) . However, the reported prevalence is 5.2% by transrectal US in the general population without ADPKD (26) . Seminal vesicle cysts were identified by US as discrete anechoic areas (simple cysts) or hypoechoic areas containing internal echoes (hypoechoic cysts), measuring greater than 5 mm in diameter (6, 7, 17) .
In a prospective study of ADPKD patients, Belet et al. reported a seminal vesicle cyst prevalence of 39% (41 out of 104 patients) using US studies (abdominal, transrectal, and scrotal); the prevalence was 2% in non-ADPKD controls (1 of 62 patients); p<0.01) matched for age, level of renal function, and renal replacement therapy (6) . Reproductive tract cysts were identified during evaluation of primary infertility (5%) or were found incidentally. In that study, 76% of the cysts were anechoic (simple) and 24% were hyperechoic. Cysts in the other regions of the reproductive tract were also identified in the 41 patients with seminal vesicle cysts; epididymal cysts were found in 20%, and prostatic cysts in 15%. There was no association of seminal vesicle cysts with cysts in the liver, epididymis, prostate, patient age or serum creatinine level.
In another prospective study of 28 ADPKD patients (age 18-50 years with estimated GFR >60 ml/min/1.73 m 2 ), Torra et al. reported seminal tract cysts in 10 patients (35.7%) and seminal vesicle cysts in 21%, using transrectal US (17) . Eight patients (28.6%) in that study were being evaluated for infertility.
In a study of 45 ADPKD patients with a mean age 40 years, Danaci, et al. found the prevalence of seminal vesicle cysts to be 60%. None of the control subjects, who were matched for age, renal function, and renal replacement therapy, had seminal vesicle cysts (8) . This study suggested that seminal vesicle cysts may develop later in life, based on their findings of a positive correlation between seminal vesicle cysts, hepatic cysts and serum creatinine concentrations. However no significant relationship between the presence of seminal vesicle cysts and the age of the patients was identified.
Seminal vesicle ectasia
Seminal vesicle cysts are the most commonly reported finding in the reproductive system of ADPKD patients (6) (7) (8) 17) . However, seminal vesicle ectasia is a separate entity, which can be mistaken for cysts on US and other imaging modalities (14, (16) (17) (18) . Dilatation of seminal vesicles has been demonstrated on ejaculatory ductograms (16) . "Megavesicle" is defined as asymmetric or bilateral diffuse enlargement of anteroposterior dimension exceeding 1.0 cm, without isolated cysts or septa (Figure 3 and Figure 4 ). This entity must be distinguished from seminal vesicle cysts, which are defined as isolated cysts adjacent to normal-diameter remaining parts of the seminal vesicles.
In a retrospective case-control study, Joo et al. compared the size of seminal vesicles in 68 ADPKD patients and 68 controls, matched for age using 3D CT (11) . The mean diameter of seminal vesicles in the ADPKD group was significantly larger than the controls (axial: 1.70 vs 1.53 cm, p=0.01; coronal: 1.86 vs 1.68 cm, p =0.02); the diameter decreased with age in controls, but there was no association with age in the ADPKD group in this or other studies (11, 27) . Interpretation of this study was limited by the absence of clinical information, including level of kidney function and prevalence of infertility. Reig et al. reported a greater mean seminal vesicle diameter, measured by MRI, in ADPKD patients than in controls (4.2 mm vs 3.1 mm; p<0.0001) (15) . Moreover, in that study, the prevalence of megavesicles was 23% when a partition value of 1 cm diameter was used, and 15% when the partition value was 1.5 cm diameter. Dilated seminal vesicles can also rarely be found in patients without ADPKD, usually due to obstruction, which may be related to urogenital anomalies or calculi. These patients can present with hematospermia (14, 28, 29) .
Megavesicles in ADPKD are reportedly not caused by obstruction (10). Hendry et al. identified free flow of dye in the ejaculatory duct on the percutaneous vesiculography, as well as free efflux of dye from the vesicles during surgery. The presence of sperm in the aspirate from the vesicle, and lack of improvement after ductal ostia resection in 3 of 4 patients, supports a nonobstructive cause of the megavesicles. Hendry et al. suggested that the underlying problem may be failure of propulsion of the contents within the seminal vesicles and ampullary parts of the vasa, rather than mechanical obstruction (10) .
Although most of studies report a high prevalence of seminal vesicle cysts (up to 60%) in ADPKD, a large fraction of those cysts may actually be megavesicles that resemble cysts by ultrasonography (9, 10, 15) . The advantages of dynamic study by vesiculography and superior soft tissue contrast MRI have likely resulted in the higher detection of megavesicles in the ADPKD population (Figures 2 and 3) .
Clinical significance and infertility
Patients with ADPKD are generally known to be fertile, although there are several reports of male infertility in ADPKD. Torra et al. found that 28.5% of 28 ADPKD patients complained of infertility (17) . This is a higher prevalence than in the general population, which is estimated as 15% in couples and 7% in men in western countries. However, Belet et al. reported only 5% prevalence of infertility in a prospective study of 104 ADPKD patients based on patient interviews, which was a larger ADPKD patient group than that reported by Torra et al. (6) .
Included among the potential etiologies of male infertility in ADPKD are: (i) uremia; (ii) necrospermia (low sperm motility with high proportion of dead sperm); (iii) immotile sperm that have been attributed in some cases to ultrastructural flagellar defects caused by abnormal polycystins; (iv) seminal vesicle cysts; and (v) ejaculatory duct cysts (6, (17) (18) (19) 30) .
There are few studies of infertility and seminal vesicle abnormalities in ADPKD patients (6, 9, 10, 12, 17, 31) . Belet et al. noted presence of delayed liquefaction and hyperviscosity in one semen analysis of an infertile patient, and suggested that the seminal vesicle cyst formation caused infertility (6). Hendry et al. proposed that failure of seminal vesicles to contract effectively caused megavesicles and eventually led to decreased ejaculate volume (10). Fang et al. reviewed data obtained from 4,108 infertile men for necrospermia and found 20.7% of the infertile patients with necrospermia had ADPKD (9), with one case demonstrating dilated seminal vesicles by US. They speculated that necrospermia in ADPKD may result from stasis of the seminal tract content due to functional obstruction, and subsequent sperm death and degeneration (9). Torra et al. reported prevalence of semen abnormalities and cysts in the seminal tract (17) . A semen analysis, performed on 28 ADPKD patients, showed abnormalities in 91% and decreased seminal volume in 30% of ADPKD patients. Although decreased seminal volume may be related to distal seminal tract obstruction due to extrinsic compression by seminal vesicle cysts or an abnormality within seminal vesicles, no significant association between seminal tract cysts and semen abnormality was noted in that study. Torra et al. suggested that the presence of seminal tract cysts likely has limited, if any, clinical consequences, given the relatively high prevalence of seminal tract cysts and the relatively low frequency of infertility in ADPKD (17) .
The most common semen abnormality in the study by Torra et al. was asthenozoospermia (reduced sperm motility) (7) . When compared to semen donors without ADPKD, the percentage of progressive motile forms was the only significant difference (p<0.0001) (17) . This suggests that an abnormality in polycystins in ADPKD which play a role in the abnormal structure of the cilia or flagella may affect sperm motility (12, 17, 31) .
Summary and conclusion
ADPKD is associated with cystic dilatation and ectasia of seminal vesicles. The pathogenesis of these abnormal findings and their relation to infertility is controversial. Prospective, controlled studies of the male reproductive tract and sperm ultrastructure and functional characteristics are required to define the prevalence and mechanisms of infertility in men with ADPKD.
